INTRODUCTION
Cayo S a l , t h e l a r g e s t of a group of small c o r a l g a l ( i . e . , a framework of c o r a l s and c o r a l l i n e a l g a e ) keys o f f C h i c h i r i v i c h e , Estado Falc6n, c o n t a i n s a n enclosed h y p e r s a l i n e lagoon, La S a l i n a ( F i g s . 1, 2 ) . Although a t o l l -l i k e i n p l a n view, Cayo S a l r e s t s on t h e shallow (<20 m) o o n t i n e n t a l s h e l f and i s n o t a n a t o l l i n t h e f u l l e s t s e n s e (Bryan, 1953a (Bryan, , 1953b . During f i e l d i n v e s t i g a t i o n of t h e keys, marine s e d iments, and p o l l u t i o n by u n b r i d l e d c o a s t a l development (Weiss e t aZ., i n p r e s s ; Weiss and Goddard, 1977) , some shallow c o r e s were t a k e n i n La S a l i n a . T h i s r e p o r t r e s u l t s from t h e t h e s t u d y of t h o s e c o r e s and t h e geology of Cayo S a l .
Gypsum i s formed and preserved i n La S a l i n a , and h a l i t e i s genera t e d s e a s o n a l l y . P e a t b u r i e d beneath t h e lagoon sediments s u g g e s t s t h a t s e a l e v e l h a s r i s e n about 1 . 5 m i n t h e l a s t 2700 y e a r s . Condit i o n s of h y p e r s a l i n i t y and t h e consequent sediments a r e i n some r es p e c t s s i m i l a r t o t h o s e i n a lagoon on Gran Roque, a n i s l a n d i n t h e Los Roques group (Sonnenfeld, 1973) , a s w i l l b e seen. The sedimentary record and morphology of Cayo S a l s u g g e s t t h a t both w e r e d i s r u p t e d by hurr i c a n e o r tsunami about 500 y e a r s ago.
CAYO SAL Cayo S a l i s a n i s l e t (10'56.7' N. L a t . ; 68O15.6' W. Long.), i n t h e form of a completely c l o s e d c u r v e , r e s t i n g on a growing c o r a l g a l r e e f platform, and surrounding an e n t i r e l y enclosed lagoon, La S a l i n a (Fig.  2 ) . The reef p l a t f o r m , i . e . , t h a t p a r t less t h a n 2 m deep, extends 1 . 8 km i n a n east-west d i r e c t i o n , 1.13 km north-south, and h a s a n a r e a of 0.94 km2. The a r e a enclosed by t h e s e a s h o r e of Cayo S a l , i n c l u d i n g both l a n d and lagoon, i s 0.63 km2, w i t h maximum east-west e x t e n t of 1.25 km and north-south e x t e n t of 0.83 km. These v a l u e s do not v a r y s i g n i f i c a n t l y w i t h t i d e s t a g e because t h e t i d a l r a n g e i s l e s s t h a n 0 . 5 m.
The a r e a of La S a l i n a v a r i e s s e a s o n a l l y (Fig. 2 ) . Apparent extremes recorded i n a e r i a l photographs (Fig. 3 ) compare c l o s e l y w i t h t r a c e s of s t r a n d l i n e s on t h e ground, and show t h e s u r f a c e a r e a of La S a l i n a ranges between 0.33 and 0.37 km2. These v a l u e s a r e f o r r e c & t dry-and-wet s e a s o n a l extremes and f o r annual d i f f e r e n c e s of t h e l a s t quarter-century, t h e period of adequate r e c o r d s .
Cayo S a l i s formed l a r g e l y of s k e l e t a l c a r b o n a t e sand. Windblown sand and s i l t , and mud brought by o c c a s i o n a l f l o o d s of stream water over t h e n e a r s h o r e w a t e r s p r o v i d e o n l y t r a c e s of t e r r i g e n o u s '/Department of Geology, Northern I l l i n o i s U n i v e r s i t y , DeKalb, I l l i n o i s , 60115 (Manuscript r e c e i v e d A p r i l , 1976; r e v i s e d Dec., 1976--Eds.) m a t e r i a l t o t h e key. The i s l a n d a p p a r e n t l y began a s a p a t c h r e e f growing on a high s p o t of t h e drowned a l l u v i a l p l a i n of t h e Tocuyo River (Weiss e t az. , i n p r e s s ) .
The major elements of t h e c o r a l community a r e t y p i c a l f o r t h e Caribbean: Acropora pazmata (Lamarck) i n t h e s u r f zone i s b u t t r e s s e d by Montastrea annukzris ( E l l i s and Solander) and s p e c i e s of DipZoria below, and Acropora cemicornis (~a m a r c k ) o c c u r s i n p r o t e c t e d nooks, a t t h e l e e ends of t h e r e e f and a l o n g t h e break i n s l o p e of t h e s e d iment apron on t h e southwest s i d e . S p e c i e s of Porites a l s o o c c u r , e s p e c i a l l y i n E l Huequito, and a l s o w i t h Sidemstrea i n t h e ThazassiaHaZimeda community on t h e shallow apron of s k e l e t a l mud and sand west of t h e i s l a n d . The i n n e r p a r t of t h e r e e f f l a t i s mostly b a r r e n of c o r a l s and c a l c a r e o u s green a l g a e , b u t paved by c r u s t s of c o r a l l i n e a l g a e o r l i t t e r e d w i t h algae-encrusted s k e l e t a l d e b r i s . A more widespread c o r a l community i s developed i n E l Huequito (Fig. 2 ) , and most of t h e remainder of t h a t bay f l o o r i s of s k e l e t a l sand and r u b b l e .
The r e e f p l a t f o r m i s not much l a r g e r t h a n t h e i s l a n d , except f o r t h e wide f l a t a t t h e n o r t h e a s t c o r n e r . The morphology of t h e a r e a , both i n p l a n and i n p r o f i l e , s u g g e s t s t h a t E l Huequito (Fig. 2) could have been formed i f sediments of t h e former n o r t h e a s t c o r n e r of t h e i s l a n d were moved southwestward by s t o r m ( s ) , f i l l i n g t h a t c o r n e r of La S a l i n a , w h i l e exposing o l d e r r e e f -f l a t m a t e r i a l t o renewed c o l o n i z a t i o n by c o r a l s . The low sandy b a r r i e r between La S a l i n a and El Huequito h a s j u s t a few small t r e e s and l i t t l e s c r u b , which seem t o be m i g r a t i n g from t h e ends of t h e b a r r i e r . Even s o , such an event cannot have been r e c e n t , i f i t indeed occurred; l o c a l people have no knowledge o r s t o r i e s of such an event and t h e f l o o r of E l Huequito, although s h a llow, h a s a l a r g e community of Acropora pazmata, Porites furcata Lamarck, and Diploria sp. T h e i r s i z e s suggest s e v e r a l decades of growth, based on a n assumed r a t e of about 5 cm/yr f o r A. pazmata.
The l a n d i s asymmetrical i n p r o f i l e at most s e c t i o n s , w i t h highe s t e l e v a t i o n s c l o s e r t o t h e s e a t h a n t o t h e lagoon. It i s made mostly of s k e l e t a l sand b u t l o c a l l y of c o r a l chunks--up t o 1 . 3 m l o n g (Fig. 2 ). Most i s s t a b i l i z e d by s c r u b growth, i n c l u d i n g s e a grape and r e d mangrove. It has changed l i t t l e i n t h e quarter-century f o r which maps and a i r photos a r e a v a i l a b l e , except f o r some r e c e n t g r a d i n g and introduct i o n of palm t r e e s on t h e i n h a b i t e d western end and southwestern s i d e (Weiss and Goddard, 1977 ). Accumulation of s k e l e t a l d e b r i s t e n d s t o e n l a r g e t h e i s l a n d by a d d i t i o n t o i t s margin, b u t some i s thrown a c r o s s t h e i s l a n d and spread i n t o La S a l i n a as s p l a y s of s k e l e t a l d e b r i s .
LA SALINA
A wet-season s t a g e i s shown i n F i g u r e 3A, and a dry season s t a g e i n F i g u r e 3B. I n September, 1972, t h e lagoon w a s i n d i s t i n g u i s h a b l e from t h a t p i c t u r e d i n 3B.
The deepest p a r t i s n o r t h e a s t of t h e c e n t e r , where i t was about 0.5 m deep d u r i n g r e l a t i v e l y h i g h w a t e r i n mid-November, 1972. Depth a t t h e same p l a c e d u r i n g maximum f l o o d i n g ( h i g h e s t s h o r e f e a t u r e s ) i n r e c e n t y e a r s must have been of t h e o r d e r of 1 m. The bottom s l o p e s g e n t l y from a l l s h o r e s i n t o t h e shallow b a s i n . The s o f t , slimy bottom makes I I depth" a n u n c e r t a i n measurement; a smelly, r e d and b l a c k o r g a n i c s l i m e covers t h e bottom e s p e c i a l l y i n t h e NE and NW q u a d r a n t s . The a r e a between high-water and low-water marks (Fig. 2 ) i s a s o r t of " l i t t o r a l zone." It i s 60-100 m wide i n t h e SSE quadrant and o n l y 15-20 m wide i n t h e N E quadrant.
When t h e w a t e r i n La S a l i n a i s low, two s m a l l ponds become separ a t e d from t h e major body of w a t e r n e a r i t s northwest c o r n e r (Fig. 2 ) . The s m a l l e r of t h e s e is a low p l a c e i n a sinuous channel a few meters wide t h a t extends from La S a l i n a almost t o t h e s e a . Although t h e channel h e l d a few puddles and soggy s p o t s i n November of 1972, i t i s overgrown w i t h brush and c l o s e d by t h e low berm a t t h e beach.
It c l e a r l y h a s n o t functioned a s a w a t e r c o n d u i t f o r some y e a r s , b u t may a g a i n b e f o r e long, however, f o r t h e small bay j u s t t o t h e n o r t h i s undergoing vigorous e r o s i o n . The s h o r e t h e r e w a s formerly p r o t e c t e d by a l i n e of beachrock (Fig. 2 ) , b u t i t h a s been breached and waves a r e r a p i d l y removing t h e unconsolidated sand of t h a t p a r t of t h e i s l a n d and sweeping i t westward p a s t t h e northwest p o i n t of t h e i s l a n d . These l i t t l e ponds c o n t a i n e d b r a c k i s h w a t e r d u r i n g t h r e e s e p a r a t e v i s i t s . They a r e somewhat p r o t e c t e d by v e g e t a t i o n from wind and sun, and t h u s can and do s t a n d s l i g h t l y h i g h e r t h a n La S a l i n a and up t o 0.3 m above s e a l e v e l , depending upon t h e t i d e s .
Some p a r t s of t h e lagoon bottom a r e h i g h l y r e f l e c t i v e when t h e w a t e r i s low (Fig. 3B) . October, 1969, a e r i a l photos show a r e a s of t h e bottom t h a t a r e r e f l e c t i v e . These p a t c h e s a r e mostly s k e l e t a l sand, and t h e y i n c l u d e most of t h e " l i t t o r a l zone" and i r r e g u l a r s p l a y s t h a t r e a c h from t h e e a s t s i d e n e a r l y t o t h e middle of t h e lagoon. Proximal p a r t s of two such s p l a y s form wide "tongues" i n t h e " l i t t o r a l " zone i n t h e s o u t h e a s t quadrant of La S a l i n a (Fig. 2 ) .
Hydrography
The l e v e l o f La S a l i n a was observed i n September and measured once each i n October, November, and December of 1972, t h u s covering t h e t a i l of t h e d r y season and most of t h e wet season (Weiss e t az., i n p r e s s ) .
The l e v e l ranged from 24 cm above t o 3 1 cm below t h e s e a s u r f a c e a t t h e t i m e s of measurement (made a t d i f f e r e n t s t a g e s of t h e t i d e ) . The d i ff e r e n c e between t h e observed extreme l e v e l s of t h e lagoon i t s e l f i s 41 cm, s i g n i f i c a n t l y l a r g e r t h a n t h e l o c a l t i d a l range of 25-30 cm. Diff e r e n c e s would s u r e l y b e somewhat g r e a t e r i f t h e lowest l e v e l s of t h e salt-forming dry seasons could be compared w i t h t h e s e d a t a . The changes of l e v e l each y e a r a r i s e from t h e f a c t t h a t t h e r a t i o of p r e c i p i t a t i o n t o e v a p o r a t i o n i s s t r o n g l y skewed i n time. Records a r e f a i r l y complete f o r t h e immediate r e g i o n back t o t h e mid-1950's (Table l ) , about t h e same p e r i o d f o r which maps e x i s t . They show t h a t n e a r l y h a l f of t h e annual p r e c i p i t a t i o n o c c u r s i n t h e months of October-December, on t h e average, and s i m i l a r l y , t h a t about 60 p e r c e n t o c c u r s from September through January.
Evaporation d a t a a r e a v a i l a b l e from a s t a t i o n 50 km f a r t h e r south-' e a s t and show a r a t h e r uniform r a t e through each month of t h e year (Table 1 ) . Data assembled by Lahey (1958) suggest t h a t evaporation i s more uniform r e g i o n a l l y than i s p r e c i p i t a t i o n . A t Cayo S a l t h e evaporat i o n / p r e c i p i t a t i o n r a t i o i s very high during a dry season from l a t e r w i n t e r t o e a r l y f a l l , and low during t h e l a t e f a l l and winter. Using mean v a l u e s f o r t h e months of t h e year (Weiss e t az., i n p r e s s ) , evapor a t i o n f o r October-December i s 40% of r a i n f a l l , and 115% f o r t h e o t h e r n i n e months of t h e year.
F l u c t u a t i o n of t h e l e v e l of La S a l i n a would be g r e a t e r than i t is i f p r e c i p i t a t i o n and evaporation were t h e only i n p u t s and o u t p u t s from t h e lagoon. Because t h e i s l a n d is formed of unconsolidated s k e l e t a l sand and g r a v e l l y sand, p e r c o l a t i o n t o o r from t h e s e a occurs r e a d i l y , depending upon t h e r e l a t i v e l e v e l of La S a l i n a and s t a g e of t h e t i d e . This p e r c o l a t i o n , although widespread, i s slow and d i f f u s e where t h e s u b a e r i a l m a t e r i a l i s widest. The narrow b a r r i e r of s k e l e t a l sand between El Huequito and La S a l i n a (Fig. 2 ) , however, has a number of seeps on t h e southwest s i d e ; s e a water bleeds slowly from t h e s e when t h e t i d e is higher than La S a l i n a and runs i n r i l l s down t h e s l o p e i n t o t h e warmer water of t h e lagoon. The seeps support slimy red mats, probably s o f t a l g a e s i m i l a r t o those on t h e nearby bottom of La S a l i n a . No evidence of r e v e r s e flow from La S a l i n a t o t h e s e a was observed, but s u r f would obscure any o u t l e t s on t h e seaward s i d e . Extreme l e v e l s of flooding o r drying of t h e lagoon a r e t h u s moderated by p h r e a t i c connect i o n w i t h t h e sea.
During periods between abundant and d e f i c i e n t p r e c i p i t a t i o n t h e l e v e l of t h e lagoon must be i n n e a r l y h y d r o s t a t i c equilibrium with t h e s e a , and t h e r e f o r e g a i n s o r l o s e s l i t t l e s a l t from o r t o i t . During t h e wet months, t h e lagoon w i l l stand high, have a l e s s e r s a l i n i t y than a t o t h e r t i m e s of t h e year, and produce a n e t seaward flow of groundwater. During t h e much l o n g e r dry season t h e lagoon w i l l s t a n d low and g a i n water of normal s a l i n i t y by p e r c o l a t i o n ; p e r s i s t e n t evaporation w i l l r a i s e t h e s a l i n i t y i n La S a l i n a t o l e v e l s t h a t p e r c i p i t a t e h a l i t e and gypsum. The occurrence of h a l i t e is seasonal and r e q u i r e s s a l i n i t y > 270 O / , , . Gypsum p e r s i s t s and becomes p a r t of t h e sedimentary f i l l -of t h e lagoon. Local people g a t h e r s a l t each season f o r commercial purposes, and say t h a t f a l l r a i n s " s p o i l t h e s a l t .I1
Measurements of some of t h e water p r o p e r t i e s were made by Sr. Pablo Almeida between 1000 and 1100 hours l o c a l time on December 19, 1972, i n t h e midst of t h a t r a i n y season; t h e l e v e l of La S a l i n a was 0.3 m below t h e s e a a t t h a t t i m e . Water temperature ranged from 29.1°C. c l o s e t o t h e edge of t h e lagoon t o 29.8OC. i n t h e body of t h e lagoon. This compares w i t h 2 7 . 9 '~. i n t h e nearby apen s e a a t t h e same time. S a l i n i t y ranged from 161.9 t o 165.7 O / , , i n La S a l i n a (Fig. 2) but was 36.6 O / , , a t one meter depth i n t h e open s e a windward of Cayo Sal. The lowest lagoon v a l u e was from warm water toward t h e windward shore (Fig. 2, Sta. 3). S t a t i o n s i n mid-lagoon o r toward t h e leeward s i d e showed v a l u e s of 164.5 O / , , o r more. These f a c t s and r a f t s o r f l o e s a f s a l t c r y s t a l s seen f l o a t i n g i n t h e leeward s e c t o r of La S a l i n a i n September suggest a slow movement of s u r f a c e water t o leeward; s a l t c r y s t a l s may b e induced on t h e lagoon bottom by a compensatory underflow t o windward, r a t h e r l i k e t h a t reported from Los Roques by Hudec and Sonnenfeld (1974) .
SEDIMENTS
Mud i s r a t h e r more abundant than s a n d o n t h e lagoon f l o o r today, except c l o s e t o t h e shore and i n t h e skeletal-sand s p l a y s . Autochthonous substances a r e , i n decreasing abundance, gypsum (Fig. 4 ) , mollusc s h e l l s (mostly s n a i l s ) and d e b r i s (Fig. S ) , and cemented c a rbonate c r u s t s (Fig. 6 ) . H a l i t e i s conspicuous, b u t only during t h e d r y season. The m i c r o f l o r a of t h e water and t h e s o f t red a l g a e l o c a l l y on t h e bottom do n o t c o n t r i b u t e s i g n i f i c a n t l y t o the sediments. The allochthonous substances a r e mostly s k e l e t a l p a r t i c l e s thrown over t h e i s l a n d by storm waves (Fig. 7) ; a s sand and mud s i z e s p r e v a i l over minor s k e l e t a l g r a v e l i t i s probable t h a t most of t h e c o n t r i b u t i o n comes from t h e i s l a n d i t s e l f o r t h e beaches, r a t h e r than d i r e c t l y from t h e r e e f . Peat, p l a n t shreds and minute u n i d e n t i f i e d capsules, probab l y of p l a n t o r i g i n ( s e e appendix) come from t h e key; only t h e peat i s s i g n i f i c a n t (Fig. 8 ). Carbonate p e l o i d s (small ovoidal p e l l e t s of carbonate mud, but not knowntobe f e c a l i n o r i g i n ) a r e common, and probab l y a r e both autochthono,us and allochthonous. Traces of s i l i c e o u s sand and mud occur, and a r e believed t o be wind-borne.
HaZite. Although h a l i t e i s a n e g l i g i b l e c o n s t i t u e n t of t h e lagoon sediments, i t i s formed i n abundance each dry season. During a t r av e r s e i n September, 1972, t h e l a t e p a r t of t h e dry season, a g r e a t d e a l of s a l t was observed. S a l t r a f t s , formed of small c r y s t a l s aggregated i n t o s h e e t s a few m i l l i m e t e r s t h i c k and up t o s e v e r a l square meters i n a r e a , l a y cracked, o v e r t h r u s t and jumbled a g a i n s t t h e l e e shore. Others were seen i n open water, where they form and t h e n s a i l t o leeward. A few p i l e s of s a l t sagged on t h e lagoon shore, remnants of s a l t -g a t h e r i n g e a r l i e r t h a t season. Hopper c r y s t a l s (hollow, square pyramids, stepped both i n s i d e and o u t ) were widespreadon t h e lagoon f l o o r . Their abundance and coverage change with t h e season; hopper c r y s t a l s covered t h e bottom t o w i t h i n about 50 m of t h e shore i n midOctober, but were gone a month l a t e r . Hoppers were a s l a r g e a s 3 cm on an edge of t h e square base of t h e hollow pyramid, but most were smaller. Hypersaline pore water f i l l e d t h e upper few c e n t i m e t e r s of lagoon sediments, based on t h e amount of NaCl i n d r i e d samples. This i s an approp r i a t e condition f o r t h e l a t e s t a g e of t h e d e s s i c a t i n g season, but proba b l y changes through t h e seasons. For convenience, and t o avoid t h e complication of d i f f e r e n t p o r o s i t i e s i n t h e samples, t h e r a t i o s of mineral f r a c t i o n s a r e reported h e r e i n on an NaC1-free b a s i s .
Gypswn. The p r i n c i p a l e v a p o r i t e mineral o t h e r than h a l i t e i s gypsum. The amount i n t h e sediments ranges from 0-70 p e r c e n t , and i t s abundance i s i n v e r s e l y p r o p o r t i o n a l t o t h a t of t o t a l carbonates. This r e l a t i v e abundance i s a l s o expressed a r e a l l y , f o r gypsum i s s c a r c e o r absent c l o s e t o shore where s k e l e t a l m a t e r i a l i s abundant and where r a i n f a l l and runoff reduce t h e s a l i n i t y of t h e marginal shallows. Most of t h e gypsum occurs a s small, l o o s e crystals--"seed gypsum1'--in t h e f i n e sand t o s i l t size-range and poorly s o r t e d . Some c r y s t a l s of granu l e s i z e a l s o occur. Where gypsum i s abundant t h e beds have a granul a r , sandy look (Fig. 4 ) .
Stubby prisms and p o l y h e d r a l d i s c o i d s , l i k e
t h e s m a l l e r ones i l l u s t r a t e d by I l l i n g et aZ. (1965, f i g s . 5 a , 5b, res p e c t i v e l y ) , a r e t h e common c r y s t a l forms; b l a d e s a r e l e s s numerous.
The d e p o s i t s and c r y s t a l s a r e l i k e t h o s e beneath Lake Marion, n e a r Cape Spencer of t h e Yorke Peninsula, South A u s t r a l i a .
The abundance d i s c o i d s are s i m i l a r i n form and c r y s t a l l o g r a p h y t o t h e much l a r g e r ones d e s c r i b e d by Merritt (1935, f i g . l ) , a r e milky o r f r o s t y l o o k i n g , and most have convexly curved c r y s t a l f a c e s . These q u a l i t i e s d u p l i c a t e t h o s e of s i m i l a r c r y s t a l s of a v a r i e t y of s i z e s , a l l r e p o r t e d from h y p e r s a l i n e environments (Masson, 1955; Eardley and Stringham, 1952; Shearman, 1966; p. 210 ; I l l i n g et aZ., 1965; Dunham, 1972 , f i g s . 111-64 and 111-67).
The curved f a c e s of t h e c r y s t a l s i n La S a l i n a confirm t h e s u g g e s t i o n of Deicha (1946) t h a t NaCl concentrat i o n "poisons" t h e gypsum c r y s t a l s and d i s t o r t s t h e i r c r y s t a l l o g r a p h y . Cody (1976, f i g . 7) h a s produced s i m i l a r c r y s t a l s experimentally i n s a l i n e g e l s , although h e a s c r i b e s most o f t h e d i s c o i d a l g r a i n s t o corr o s i o n i n situ. The c o u n t l e s s i n d i v i d u a l euhedral-to-subhedral c r y st a l s i n La S a l i n a must have grown, r a t h e r t h a n be t h e corroded remnants of l a r g e r g r a i n s .
Many d i s c o i d c r y s t a l s have ragged edges and a r e p i e r c e d w i t h grooves o r c a v i t i e s . The h o l e s may be i m p e r f e c t i o n s o r may have h e l d p a r t i c l e s of o t h e r m i n e r a l s , f o r c a l c i t e , dolomite and t r a c e s of h a l i t e a r e s t i l l enclosed i n some gypsum g r a i n s . Colored zones and i n c l u s i o n s ,
probably o r g a n i c s t a i n s o r p a r t i c l e s , a r e s e e n i n t r a n s m i t t e d l i g h t .
The second most abundant t y p e o f gypsum c r y s t a l i n La S a l i n a s e d iments i s stubby prisms w i t h 4-6 f a c e s and b l u n t t e r m i n a t i o n s . These a r e limpid and have f l a t , c l e a r f a c e s ; i f v e r y s h o r t t h e y l o o k l i k e l i t t l e c a t j e w e l s .
Cody (1976, f i g . 4) grew some of t h i s t y p e , b u t most of h i s prisms were much more elongated. Analogous c r y s t a l s of l a rg e r s i z e occur i n wet p a r t s of Qatar sabkhas ( I l l i n g et az., 1965, p. 95, f i g . 5 a ) . They r e p o r t (p. 95) "...white, f i n e , sugary gypsum . .
. I f a s s o c i a t e d w i t h h a l i t e i n d r y p a r t s of sabkhas; t h e c r y s t a l form i s not given. S i m i l a r porous l a y e r s of masses of p r i s m a t i c and d i s c o i d a l gypsum c r y s t a l s formed on t h e f l o o r of La S a l i n a from time t o t i m e i n t h e Holocene. Apparently t h e p r i s m a t i c t y p e c o n t a i n s no h a l i t e o r carbonate i m p u r i t i e s . It's p o s s i b l e t h a t t h e c l e a r p r i s m a t i c c r y s t a l s form when h a l i t e i s n o t c r y s t a l l i z i n g , and t h a t t h e cloudy d i s c o i d c r y s t a l s w i t h i n c l u s i o n s and curved f a c e s form d u r i n g t h e d r y season, and perhaps a f t e r b u r i a l a s w e l l .
Although t h e g r e a t bulk of t h e gypsum i s u n c o n s o l i d a t e d , small masses of intergrown c r y s t a l s do occur (Fig. 6A, 6F ) and some i s cemented i n t o t h e c a r b o n a t e g r a p e s t o n e and c r u s t s (Fig. 6B) . The patchy clumps of gypsum seen on i n t e r -and s u p r a t i d a l f l a t s (sabkhas) bordering t h e P e r s i a n Gulf ( I l l i n g et aZ., 1965, f i g . 6c) were n o t observed a t La S a l i n a , n o r even t h e cementing of c a r b o n a t e laminae by gypsum, a s on Bonaire (Lucia, 1968 , f i g . 1 0 c ) . Dense pavements of e l o n g a t e p r i s m a t i c gypsum c r y s t a l s , 20-30 cm l o n g and packed w i t h t h e i r l e n g t h s arranged v e r t i c a l l y , do n o t occur.
Such pavements a r e conspicuous i n t h e younger d e p o s i t s of t h e s u l f a t e l a k e s n e a r Cape Spencer, South A u s t r a l i a , where p a r t of t h e CaO came from ground w a t e r d r a i n a g e (C. von d e r Borch, pers o n a l communication, 1975), and t h e NaCl s a l i n i t y must thereby have been lower t h a n i t i s i n La S a l i n a .
MoZZuscs. The s i g n i f i c a n t autochthonous biogenic m i n e r a l p a r t ic l e s a r e whole o r broken s h e l l s of small s n a i l s . S h e l l s of dead c e r i t h i d s l i t t e r t h e s h o r e by t h e thousands a t t h e end of t h e d r y season. They c o n t r i b u t e t o sediment n e a r t h e s h o r e , b u t l e s s so i n midlagoon (Table 2 ). These molluscs a r e seasonal--i.e., t h e y f l o u r i s h when s a l i n i t y i s s u i t a b l e f o r them. A number of o t h e r s p e c i e s and a few clams a r e c o n t a i n e d i n t h e s t r a t i g r a p h i c record (Table 2 , Fig. 5 ) , but o n l y a few occur i n t h e youngest l a y e r s of each c o r e . F o s s i l s o t h e r t h a n molluscs occur i n only t r i v i a l volumes, s e e below.
Carbonate-cemented C r u s t s . Away from t h e o r g a n i c s l i m e i n t h e n o r t h e r n p a r t of t h e lagoon, t h e bottom i s of r a t h e r f i r m l y packed g r a n u l a r m a t e r i a l --s k e l e t a l and gypsum g r a i n s and p e l o i d s . Small masses of g r a p e s t o n e a r e common, b u t t h i n , b r i t t l e p l a t e s and c h i p s (1-3 cm d i a . ) e n c l o s i n g many g r a i n s a r e more conspicuous ( Fig. 6B-E) . Although t r a c e s of o r g a n i c matter a r e entrapped i n t h e s e b i t s of c r u s t , v e r y few samples have t e x t u r e s s u g g e s t i v e of a l g a l l a m i n i t e s , o r more t h a n two superposed laminae, s o t h e y a r e n o t s t r o m a t o l i t e s . The c r u s t s a r e porous t o dense, no more t h a n a few m i l l i m e t e r s t h i c k , and break e a s i l y . Some are p i e r c e d w i t h s m a l l h o l e s . The c r u s t s appear r e l a t e d t o t h e l a c y c a r b o n a t e c r u s t s r e p o r t e d by Lucia (1968) from t h e Pekelmeer on Bonaire, b u t t h o s e a r e s u b a e r i a l , more p e r s i s t e n t , more porous, and much t h i c k e r . The g r a i n s cemented i n t o t h e s e t h i n c r u s t s may be any of t h e autochthonous c a r b o n a t e s (Mg-calcite, a r a g o n i t e , dolom i t e ) , t h e a l l o c h t h o n o u s c a r b o n a t e s (Mg-calcite, a r a g o n i t e ) , gypsum, o r p i e c e s of o l d e r c r u s t o r g r a p e s t o n e of t h e s e same kinds. Two t y p e s (A and B) a r e recognized by macroscopic c h a r a c t e r s .
A) Fresh-looking, p a l e y e l l o w i s h gray, porous, e a s i l y broken c r u s t s (Fig. 6C) (Fig. 6 1 ) , gypsum c r y s t a l s and c l u s t e r s (Fig. 6F) , and p i s o l i t h s (Fig. 6 J ) . Ostracodes and s m a l l forams a r e common; s n a i l s a r e few because most a r e l a r g e r t h a n t h e t h i c k n e s s of t h e c r u s t s . A few q u a r t z g r a i n s (Fig. 61) and r a r e collophane o c c u r too. X-ray a n a l y s i s of f r e s h m a t e r i a l shows i t t o be mostly a r a g o n i t e and Mg-calcite i n r a t i o s of 511 t o 211. Thin s e c t i o n s show microspar l i n i n g o r f i l l i n g i n t e r g r a n u l a r p o r e s and h o l e s i n f o s s i l s , and cementing g r a i n s a t p o i n t s of c o n t a c t (Fig. 6F-J) . These b i t s of c r u s t a r e sedimentary g r a i n s of both a r a g o n i t e and Mgc a l c i t e , p a r t i a l l y l i t h i f i e d by a contemporaneous m i c r i t i c Mg-calcite and some a r a g o n i t e d r u s e . B) D u l l , gray t o d a r k gray, g e n e r a l l y denser, sometimes etched c h i p s of c r u s t , o t h e r w i s e similar t o (A), a r e t a k e n t o be o l d e r examp l e s of t h a t same s o r t (Fig. 6D, 6E ). These d a r k c h i p s occur s c a t t e r e d throughout t h e c o r e s ; t h e few on t h e lagoon f l o o r probably have been d i s p l a c e d from o l d e r l a y e r s and r e d e p o s i t e d . The o l d e r a g g r e g a t e s a r e m i n e r a l o g i c a l l y more heterogeneous t h a n t h e f r e s h ones, f o r a l l X-rayed c o n t a i n some dolomite. Aragonite i s l e s s abundant t h a n i n t h e "fresher" c r u s t s , and one from Unit 3K i s of dolomite w i t h o n l y t r a c e s of a r a g o n i t e and Mg-calcite.
A sample from Unit 3D i s obscurely laminated and composed of weakly dolomitized s k e l e t a l sand of Mg-calcite.
"Dolomites" c o n t a i n 40-48 mol p e r c e n t MgC03, and a r e t h u s protodolomite ( i . (Fig. 61) . The mineralogy and t e x t u r e s compare c l o s e l y w i t h t h e d i a g e n e t i c f e a t u r e s of t h e "hypers a l i n e f i e l d " of t h e Shark Bay s u b l i t t o r a l (Logan, 1974) . Hypersaline water s i n k s through a mesh o f mostly c a r b o n a t e g r a i n s t h e r e and a t La S a l i n a . Hudec and Sonnenfeld (1974) c r e d i t e f f i c i e n t a b s o r p t i o n of inc i d e n t s o l a r energy f o r e l e v a t e d temperatures (> 40°C.) i n a n o t h e r h y p e r s a l i n e lagoon and b e l i e v e t h e h e a t enhances t h e d i a g e n e s i s t h e r ei n . A s i m i l a r e f f e c t may occur s e a s o n a l l y i n La S a l i n a . One p a r t i c ul a r l y dense, smooth, ivory-colored, presumably young, sample from t h e t o p u n i t o f Core 6 (Fig. 9) i s a r a g o n i t e , w i t h minor, subequal amounts of Mg-calcite and protodolomite; i t i s homogeneous and t h e minor cons t i t u e n t s a r e n o t d i s t i n c t .
I n summary, f r e s h o r reworked g r a i n s of a r a g o n i t e and Mg-calcite accumulate and may be cemented by t h e same m i n e r a l s ; w i t h time t h e a r a g o n i t e i n v e r t s o r i s r e p l a c e
d , and d o l o m i t i z a t i o n may o c c u r . Dolom i t i z e d m a t e r i a l i s n o t uniformly a s s o c i a t e d w i t h gypsum, b u t most u n i t s t h a t c o n t a i n some protodolomite c o n t a i n some gypsum. Organic Materials. Traces (5 2%) of impalpable brownish-black macerated t i s s u e is mixed w i t h f i n e c l a y i n some u n i t s , e s p e c i a l l y t h o s e c l o s e t o t h e p e a t s o r t o t h e . p r e s e n t lagoon f l o o r . The u n i d e n t i -
f i e d p l a n t c a p s u l e s ( s e e appendix),peaty clumps and a few c h i p s of wood (probably mangrove) make up 1-12% of some u n i t s (Fig. 5 ) . The l a r g e o r g a n i c f r a c t i o n i n u n i t 6A (Fig. 9) 
i s of a l g a e w i t h perhaps some add i t i o n s from t h e nearby h a b i t a t i o n s .
Layers of compact p e a t occur a t t h e bottom of Core 3 and w i t h i n Core 4 (Fig. 8 , 9 ) . The t h i c k n e s s of g r a v e l l y s k e l e t a l sand stopped t h e c o r e r a t o t h e r s i t e s . Because both p e a t s a r e q u i t e s i m i l a r , only Core 3-Bed L was analyzed, by R.H. Tschudy, and f i l e d as U.S.G.S. p a l e o b o t a n i c a l l o c a l i t y D5038. According t o D r . Tschudy, t h e p e a t i s decomposed o r g a n i c m a t t e r c o n t a i n i n g many f u n g a l hyphae, some r o o t l e t s , and t h e a l g a e T e t r a p o r i n a sp. and P e d i a s t n u n (?).
P o l l e n i s not abund a n t , b u t t h o s e of Rhizophora (probably R. mangZe), Chenopods and Myrtaceae occur; s p o r e s of s e v e r a l f e r n s a l s o occur. Calcareous fossils t h a t may have occurred were destroyed by t h e a c i d i t y of t h e p e a t , b u t no s i l i c e o u s f o s s i l s occur e i t h e r .
Microforaminifera and d i n o f l a ge l l a t e c y s t s i n d i c a t e a marine i n f l u e n c e , a s do t h e a l g a e , according t o Tschudy, and t h e presence of s o few p o l l e n t y p e s s u g g e s t s l i t t l e d i v e rs i t y of v e g e t a t i o n i n a community dominated by mangroves. This is t h e c a s e f o r modern r e d mangrove communities i n t h i s r e g i o n , and t h e a n c i e n t community i s considered t o have been dominated s i m i l a r l y by r e d mangrove. Like d e p o s i t s of s i m i l a r age have been d e s c r i b e d from Columbia by Cohen and Wiedemann (1973) .
AZZochthonous SkeZetaZ Carbonates. Most of t h e lagoon sediment i s muddy s k e l e t a l sand and g r a v e l (Fig. 5, 7, 8 
) ; except f o r t h e grapes t o n e and patchy c r u s t s d i s c u s s e d above i t i s n o t c o n s o l i d a t e d . The p a r t i c l e s a r e t h e d e b r i s of t h e r e e f f l a t s , ocean beaches and t h e isl a n d i t s e l f : g r a v e l is mostly of P o r i t e s and clam s h e l l s ; sand is mostly HaZimeda and s n a i l fragments, o s t r a c o d e s , p e l o i d s , and c o a t e d
g r a i n s ; mud is l a r g e l y a l g a l , p l u s m i c r i t e bored from c o a r s e r fragments. Q u i t e r e c e n t aprons of t h i s m a t e r i a l l i e a l o n g t h e southwestern s h o r e of La S a l i n a , n o r t h of S i t e s 1 and 2 , and exemplify t h e main mode of lagoon f i l l i n g .
These m a t e r i a l s a r e Mg-calcite and a r a g o n i t e . Although t h e s k e l et a l sand is f r i a b l e , some weakly cemented grapestone clumps occur. The g r a p e s t o n e is dolomitized t o v a r i o u s degrees i n t h e o l d e r beds; mol percentage of MgC03 ranges from 40-44%.
S i z i c e o u s M t e r i a z s . Terrigenous m i n e r a l s a r e t h e s m a l l e s t i n o rg a n i c f r a c t i o n s of a l l t h e samples, s 1 p e r c e n t i n most samples, and a s h i g h a s 4 p e r c e n t i n a very few (NaC1-free b a s i s ) . Most of t h e s e g r a i n s a r e rounded and subrounded f i n e q u a r t z sand ( Fig. 6 H ) ; a few rock fragments a l s o occur. Clays occur i n t r i v i a l amounts s o were not analyzed. They a r e s u r e l y of t h e same s p e c i e s found on t h e s e a bottom nearby (Weiss e t aZ., i n p r e s s ) : mostly c h l o r i t e and k a o l i n i t e , w i t h some i l l i t e and t r a c e s of p y r o p h y l l i t e .
The c o a r s e r m a t e r i a l s and some c l a y s a r e e o l i a n ; c l a y i s a l s o brought by t h e o c c a s i o n a l spread of muddy f r e s h water o v e r t h e c o a s t a l w a t e r s , following s e v e r e i n l a n d storms.
F o s s i l s . Major s k e l e t a l f r a c t i o n s such a s P o r i t e s and
HaZimeda have a l r e a d y been mentioned. These, a l o n g w i t h minor amounts of e c h i n o i d s p i n e s , s e r p u l i d t u b e s and c r u s t o s e c o r a l l i n e a l g a e , r e f l e c t t h e p r e v a i l i n g r e e f -f l a t and grass-bed c o m u n i t i e s around t h e i s l a n d . Grains of t h e s e t y p e s occur throughout most c o r e s , b u t a r e s c a r c e t o a b s e n t i n t h e h i g h l y g y p s i f e r o u s beds (Fig. 9 ) . Ostracodes a r e abund a n t i n t h e modern sediment and c a l c a r e o u s o l d e r l a y e r s , b u t a r e less numerous i n t h e g y p s i f e r o u s l a y e r s . Foraminifera occur i n a l l c o r e s and most beds, b u t a r e much l e s s numerous t h a n t h e o s t r a c o d e s , p a r t i c ul a r l y i n t h e gypsum sands; t h e forams may w e l l have l i v e d i n t h e lagoon (Murray, 1970) . Fragments of bone and c r u s t a c e a n s a r e t r i v i a l . Pulmonate s n a i l s occur o n l y i n t h e o l d e r l a y e r s a t two s i t e s ( Table 2 ) .
The r a t h e r numerous molluscs were i d e n t i f i e d , and t h e i r occurrence i s given i n Table 2 . Of t h e many types found i n t h e c o r e s , o n l y 5 occur i n t h e youngest s t r a t i g r a p h i c u n i t s (Table 2 ) . A l l i d e n t i f i a b l e genera a r e t y p i c a l of L a t e Cenozoic and Holocene b r a c k i s h o r shallow marine environments (Weisbord, 1962) . T h e i r diminishing abundance w i t h time p o i n t s t o a p r o g r e s s i v e "poisoning" of t h e lagoon by i n c r e a s e d s a l i n i t y , j u s t a s does t h e development of gypsum.
STRATIGRAPHY
The c o r e s on which t h i s s t u d y i s based were o b t a i n e d w i t h a d r i v e n s t e e l p i p e of 6.5 cm I D . Measurements of p e n e t r a t i o n depth and l e n g t h of " r i s e " of c o r e i n t o t h e p i p e were made each time b e f o r e t h e c o r e and b a r r e l were withdrawn. A l l c o r e s were compressed c o n s i d e r a b l y , t o a s l i t t l e a s 50-60 p e r c e n t of depth of p e n e t r a t i o n . The u n i t -t h i c k n e s s e s i l l u s t r a t e d (Fig. 9 ) a r e a l l " r e s t o r e d , " i.e., i n c r e a s e d from t h e i r recovered l e n g t h by t h e f a c t o r n e c e s s a r y t o expand t h e t o t a l l e n g t h of c o r e recovered t o t h e a c t u a l depth of p e n e t r a t i o n . The amounts of l i n e a r compaction a r e compatible w i t h experimental ranges g i v e n by Emery and Hiilsemann (1964) 
. Although t h e y r e p o r t t h a t compaction i s of uniform magnitude throughout t h e l e n g t h s of s h o r t c o r e s , t h e d i f f e r e n t f a c i e s and t e x t u r e s of La S a l i n a c o r e s may n o t have compacted uniformly. Core l e n g t h s i l l u s t r a t e d and d i s c u s s e d h e r e a r e believed t o be r e a l ; t h e t h i c k n e s s e s of s e v e r a l u n i t s i n each c o r e may have been d i s t o r t e d mutually by t h i s e x t r a p o l a t i o n p r o c e s s , b u t none a r e t h i c k enough t o v i t i a t e t h e g e o l o g i c a l c o n c l u s i o n s .
The sedimentary r e c o r d i n La S a l i n a i s r a t h e r d i s o r d e r l y because t h i n , l o c a l fan-shaped wedges of s k e l e t a l -p e l o i d a l sandy mud have invaded t h e margins of t h e lagoon from time t o time. These become markedly f i n e r i n t e x t u r e towards t h e lagoon, from muddy g r a v e l t o mud o r sand, i n s h o r t d i s t a n c e s from t h e edge of t h e lagoon. T h e i r breadth i s s m a l l w i t h r e s p e c t t o t h e s p a c i n g between c o r e s , which h i n d e r s corr e l a t i o n s . F a c i e s i n mid-lagoon may a l s o be of s m a l l e x t e n t ; e . g . ,
Core 5B c o n t a i n s a u n i t of s k e l e t a l d e b r i s w i t h p e a t (5B-C) which i s o n l y j u s t r e c o g n i z a b l e i n Core 5A, only 30 m e t e r s f a r t h e r n o r t h (Fig. 2 ,  9 ) . The p e a t i n Core 4 l i e s 37 cm below t h e f l o o r of t h e lagoon, whereas t h a t i n Core 3 i s 123 cm deep; t h e y have radiocarbon ages of 2980 and 2690 y e a r s , r e s p e c t i v e l y (Fig. 9 ) . P a r t of t h e s e c t i o n of Core 4 i s b e l i e v e d t o be o v e r t u r n e d , a s e x p l a i n e d below.
Radiocarbon d a t e s have been o b t a i n e d from c e r t a i n of t h e u n i t s .
Most confidence is placed i n t h o s e from t h e p e a t l a y e r s (3L and 4C) because (1) t h e p e a t s a r e r e l a t i v e l y t h i n , and (2) a g e s of c a r b o n a t e u n i t s a r e d o u b t l e s s t h e medians o f broad s p e c t r a of maximum ages of g r a i n s . Given t h e patchy d e p o s i t i o n of s k e l e t a l m a t e r i a l , a b s o l u t e a g e s might be t h e b e s t c o r r e l a t i o n t o o l ; s e d i m e n t a t i o n r a t e s , however, were e r r a t i c i n both s p a c e and time s o t h a t no c o r r e l a t i v e t i e s a r e suggested i n F i g u r e 9. Ages of dated u n i t s a r e posted i n Figure 9 , and considered t o be t h e age of the mid-point of each u n i t . Measurements, made by Dennis Coleman of the I l l i n o i s Geological Survey, a r e a s follows: Approximate average r a t e s of sedimentation can be computed from t h e ages and s t r a t i g r a p h i c i n t e r v a l s between t h e mid-points of dated u n i t s . For o l d e r i n t e r v a l s , t h e r a t e from Unit 2E t o 2C is 0.09 cm/yr near t h e lagoon margin and 0.02 cm/yr from 5A-D t o 5A-B i n mid-lagoon. For younger i n t e r v a l s (up t o t h e lagoon f l o o r ) t h e r a t e is 0.02 cm/yr f o r both Units 2C and 5A-B.
Unit
The average r a t e from 3L t o t h e s u r f a c e i s 0.05 cm/yr, but t h e i n t e r v a l i s s o t h i c k t h e v a l u e i s u n r e l i a b l e . The r a t e from 4B t o t h e s u r f a c e is t h e same, but t h e abnormal h i s t o r y of Unit 4B ( s e e below) r e q u i r e s t h i s v a l u e b e ignored.
NomZ Succession. The s t r a t i c succession i n La S a l i n a records a h i s t o r y of lagoonal sedimentation, but one with a marked change from normal marine t o hypersaline conditions. Peat and s k e l e t a l -p e l o i d a l carbonates a r e t h e o l d e r sediments, t h e carbonates having been brought mostly from t h e i s l a n d and seaward beaches by storms. The main body of sediment, continuing t o t h e p r e s e n t day, is of carbonates with gypsum. The gypsum, together with modern-day seasonal h a l i t e , records t h e d e t e r i o r a t i o n of c i r c u l a t i o n and onset of h y p e r s a l i n e conditions. This began about 2700 years B.P., and terminated t h e accumulation of red mangrove p e a t 3L.
Red mangrove w i l l grow i n waters ranging from normally s a l i n e t o f r e s h , but establishment of s e e d l i n g s is favored by i n i t i a l s a l i n i t y approaching t h a t of normal s e a water (Stern and Voigt, 1959) . Although no work has been done on t h e t o l e r a n c e l e v e l s of mature p l a n t s , hypers a l i n e environments appear t o be unfavorable. Red mangrove cannot pioneer o r expand under hypersaline conditions, however, f o r s e e d l i n g s a r e d e t e r r e d by s a l i n i t i e s 140% of normal, i. e., about 50°/00 (Bowman, 1917, pp. 631, 671) . Thus, t h e mangrove community must have d e t e r i or a t e d e v e n b e f o r e conditions had become s u i t a b l e f o r t h e accumulation of gypsum.
A tenuous l i n k t o t h e sea has existed a t t h e northwest corner of La S a l i n a i n more r e c e n t times, through t h e s m a l l pond (Fig. 2) and channel d e s c r i b e d e a r l i e r . It is p o s s i b l e t h a t t h i s w a s t h e s i t e of t h e 2700-year-old connection t o t h e s e a . Gypsum is s p a r s e i n Core 6, t h e n e a r e s t sample s i t e , and t h e a c i d -r e s i s t a n t r e s i d u e s c o n t a i n more q u a r t z sand and s i l t t h a n o t h e r c o r e s . The amount of q u a r t z i n c r e a s e s upward, t o a b o u t 4 p e r c e n t of t h e s a l t -f r e e s o l i d s . E o l i a n t r a n s p o r t may have brought some, b u t t h e muddy f r e s h water t h a t overspreads c o a s t a l w a t e r s and surrounds t h e keys s e v e r a l times each y e a r (Weiss e t az., i n p r e s s ) could have brought f i n e c l a s t i c s from t h e mainland by i n t e r m i t t e n t f l o o d i n g of t h i s channel. The i n c r e a s e of q u a r t z upward i n Core 6 is, by t h i s h y p o t h e s i s , compatible w i t h r i s i n g s e a l e v e l p o s t u l a t e d f o r t h e l a s t 2500-3000 y e a r s . The amount of q u a r t z i s l e s s t h a n t h a t i n modern bottom sediments n e a r Cayo S a l , and i t comes l a r g el y from such l e n s e s of muddy f l o o d water (Weiss e t aZ., i n p r e s s ) .
Overturned Succession. The a g e r e l a t i o n s i n Core 4 a r e anomalous, f o r a n o l d p e a t l i e s on a p p a r e n t l y much younger c a r b o n a t e sediment. P e a t 4C h a s two s h a r p c o n t a c t s , i s of a g e similar t o p e a t 3L, and l i e s 86 cm h i g h e r (top-to-top) t h a n Unit 3L. P e a t 4C i s "too highft--at a s t r a t i c l e v e l t o o young f o r i t s a g e of 2980 y e a r s (Fig. 9 ) . However u n c e r t a i n t h e d a t e s on c a r b o n a t e u n i t s may be, t h e d a t e s of p e a t s a r e good. Because of i t s anomalous s t r a t i c p o s i t i o n , Unit 4C i s shown bounded by unconformities (Fig. 9 ) .
The abnormal form of t h e n o r t h e a s t e r n quadrant of Cayo S a l r e e f p l a t f o r m w a s touched on e a r l i e r . E l Huequito (Fig. 2) h a s t h e shape of a segment of a c i r c l e c e n t e r e d a t t h e n o r t h e a s t c o r n e r of t h e r e e f platform. It is s e p a r a t e d from La S a l i n a by a narrow, low berm of s k e l e t a l sand t h a t i s lower and q u i t e d i f f e r e n t from t h e c o r a l cobble material t o t h e west and e a s t of i t ( F i g . 2). That berm is p o o r l y v e g e t a t e d , e s p e c i a l l y by comparison t o o t h e r p a r t s of t h e i s l a n d , and i t s h e i g h t and p r o f i l e s u g g e s t i t was formed by t h e s u r f i n t h e bay, as though a n open gap may have been c l o s e d p r o g r e s s i v e l y by s u r f and by growth of low sand s p i t s from b o t h s i d e s of t h e bay. Considerable r e l o c a t i o n of f i n e m a t e r i a l s must a l s o have occurred throughout t h e lagoon, b u t t h e s e cannot now b e d i s t i n g u i s h e d with conf i d e n c e . The h y p e r s a l i n e c o n d i t i o n of La S a l i n a was moderated u n t i l s e p a r a t i o n of E l Huequito from La S a l i n a once a g a i n e s t a b l i s h e d hypers a l i n i t y i n t h e lagoon.
One h y p o t h e s i s t o e x p l a i n t h e topographic and geographic a s p e c t s of E l Huequito, and t h e s t r a t i c and c h r o n i c a s p e c t s of Core 4, i s t h a t La S a l i n a once included t h e a r e a of E l Huequito, and t h a t c a t a s t r o p h i c d e s t r u c t i o n of t h e n o r t h e a s t c o r n e r of Cayo S a l m a d e s e v e r a l changes i n q u i c k succession: d i s p l a c e d t h e u n c o n s o l i d a t e d m a t e r i a l of t h e n o r t h e a s t c o r n e r of t h e i s l a n d w i t h o u t d i
The event must have occurred a f t e r 770 B.P. and b e f o r e 500 B.P. Unit 4D i s t h i c k (Fig. 9 ) and t h e upper p a r t i s c e r t a i n l y much younger t h a n 770 y e a r s , b u t by how much cannot b e even guessed ( i t may even i n c l u d e some c a r b o n a t e r e d e p o s i t e d a l o n g w i t h t h e p e a t ) . I n h i s t o r i c terms t h i s occurred between 1180 and 1450 A.D., probably c l o s e r t o t h e l a t e r d a t e . Subsequent t o t h i s supposed e v e n t , c o r a l s became e s t a b l i s h e d i n E l Huequito, and s u r f f i l l e d t h e breach i n t o t h e lagoon by b u i l d i n g a sandy beach and berm a l o n g t h e southwest margin of t h e bay, perhaps where t h e storm-laid d e b r i s was heaped h i g h e s t . P l a n t succession i s s t i l l i n e a r l y s t a g e s on t h i s berm. (Fig. 1 ) was broken sometime b e f o r e 1950, t h e d a t e of e a r l i e s t a i r photos. This allowed h e a v i e r s u r f t o r e a c h t h e i s l a n d and d i s p l a c e l o o s e sand from behind p r o t e c t i v e r i m s of beachrock (themselves having radiocarbon a g e s of z e r o y e a r s ) . The r e e f f l a t on t h e n o r t h e a s t quadr a n t of Cayo d e Los Muertos (Fig. 1 ) i s l i t t e r e d w i t h Acropora paZma-tu d i s p l a c e d from t h e r e e f f r o n t . The platform n o r t h of Cayo Borracho (Fig. 1 ) h a s l a r g e r a r e a s of c o r a l r u b b l e than of l i v i n g c o r a l , d e s p i t e being a f a v o r a b l e s i t e w i t h r e g a r d t o depth, c l a r i t y , and c i r c u l a t i o n . Each of t h e s e examples seems "modern" i n a s p e c t , f o r d e b r i s thrown onto a r e e f f l a t probably cannot endure boring and s o l u t i o n more than a few decades. These a d d i t i o n a l examples do l i t t l e more t h a n show t h a t spect a c u l a r l y d e s t r u c t i v e waves have s t r u c k t h i s c o a s t from t h e n o r t h e a s t .
Such a c a t a s t r o p h i c event ought t o have l e f t o t h e r evidences of i t s occurrence. Damage h a s occurred on t h e n o r t h e a s t quadrants of neighboring i s l a n d s (Weiss e t aZ., i n p r e s s ) , b u t no means of e s t i m a ting d a t e s i s a t hand. The n o r t h e a s t quadrant of t h e r e e f edge of Cayo Peraza

It remains t o c o n s i d e r t h e i r s o u r c e s and frequency .
HURRICANES AND TSUNAMIS D e s t r u c t i v e waves from h u r r i c a n e o r seismic events--or s u r g e s a ss o c i a t e d with either--might do t h e job, b u t n e i t h e r s o r t of c a t a s t r o p h e i s common i n t h e s o u t h e r n Caribbean. F u r t h e r , h i s t o r i c a l r e c o r d s of n a t u r a l events a r e almost non-existent f o r t h i s p a r t of r u r a l Venezuela.
Hurricanes
Hurricanes a r e n o t known t o o r i g i n a t e i n t h e c e n t r a l p a r t of t h e ~a r i b b e a n --i . e . , between Columbia-Venezuela and Jamaica-Hispaniola (Dunn, 1956) . F u r t h e r , only f o u r (1802, 1877, 1892, 1933) have passed along o r a c r o s s Venezuela's Caribbean c o a s t i n n e a r l y 500 y e a r s Three o t h e r 19th-Century h u r r i c a n e s crossed o r came n e a r t o T r i n idad, and may have had abnormally s o u t h e r l y c o u r s e s l i k e t h a t of 1831. Their t r a c k s subsequent t o t h e d a t e s and l o c a l i t i e s t a b u l a t e d below a r e n o t known ( G a r r i o t t , 1900), which s u g g e s t s t h a t they swept WNW a c r o s s *I933 (June 27-July 6) -o r i g i n a t e d i n t h e A t l a n t i c , passed between T r i n i d a d and t h e mainland of Venezuela, a c r o s s t h e g u l f s of P a r i a and Cariaco, and t h e n a c r o s s Bonaire and n o r t h of Curaqao. This i s t h e only h u r r i c a n e of r e c o r d known t o have passed s o u t h of T r i n i d a d ( T a n n e h i l l , 1950), a l t h o u g h i t s t r a c k s u g g e s t s t h a t t h e Sept., 1877 storm may have had a s i m i l a r course.
* P a t h s approached t h e mainland most c l o s e l y , and a r e most l i k e l y t o have a f f e c t e d t h e C h i c h i r i v i c h e a r e a s e v e r e l y .
APPENDIX "Seed1'-like o r " f r u i t 1 ' -l i k e f o s s i l s , found i n some of t h e mineral l a y e r s of t h e c o r e s described above and r e f e r r e d t o a s "plant-capsules" on page 8, have been t h e s u b j e c t of much i n t e r e s t , and a s y e t have not been i d e n t i f i e d , except t o t h e e x t e n t t h a t they seem t o be of p l a n t o r i g i n . They have been shown t o neo-botanists and paleo-botanists, t o entomologists, t o bryozoologists, t o malacologists. None of t h e s e would hazard a guess, except t o suggest one of t h e o t h e r , t o t a l l y d i f f e r e n t , groups of organisms.
I had no h e s i t a t i o n , a t f i r s t glance a t detached m a t e r i a l , about c a l l i n g them Ruppia maritima L. f r u i t s , which would have been q u i t e l i k e l y , considering t h e s a l i n e h a b i t a t . They were s t a l k e d , small asymmetrically ovoid beaked black o b j e c t s . Closer examination of s e v e r a l dozens of specimens showed t h a t t h i s was not even a c l o s e possi b i l i t y . The " f r u i t s " were borne on a very s l e n d e r branching " i n f l o rescence", but mostly detached o r on s i n g l e c a p i l l a r y branches, occurred s i n g l y , i n p a i r s , t h r e e s , and, i n one example, d e c u s s a t e l y 4 t o g e t h e r , united by t h e i r bases a t two s l i g h t l y d i f f e r e n t l e v e l s . The " f r u i t s " a r e dehiscent d o r s a l l y by a trap-door-like arrangement, opening from below. The i n d i v i d u a l " f r u i t s " a r e 1-2 mm long, somewhat l a t e r a l l y compressed, asymmetric, with a slender beak. On each s i d e , j u s t below t h e beak, i s a t h i n s p o t , becoming an opening, giving t h e impression of two eyes. Well preserved examples a r e b l a c k i s h , smooth. When somewhat weathered t h e s u r f a c e i s roughish and s l i g h t l y brownish o r p u r p l i s h . A l l t h a t were broken open were empty o r had m a t r i x i n s i d e . One a l r e a d y opened when found has a mass of small bodies t h a t might be seeds o r could be mineral g r a i n s .
W e have a s y e t no c l u e t o t h e i d e n t i t y of t h e s e f o s s i l s . .
(Published by a u t h o r i z a t i o n of C a r t o g r a f i a Nacional, M.O.P., Venezuela.) Fig. 4 . Gypsiferous u n i t s i n Core 3, showing Beds G-J ( c f . Fig. 8 ) .
H, I and J are more than h a l f seed gypsum. L i g h t e r laminae a r e h i g h e s t i n gypsum; d a r k e s t ones have conspicuous s l i m e of c l a y and organic r e s i d u e s . Bar of 2 cm measures d r y , compacted t h i c k n e s s . Fig. 5 . S h e l l s and s c r a p s i n o l d e r p a r t of Core 5B. Bed C h a s s k e l e t a l sand and mud and a l i t t l e p e a t t h a t c o l o r s i t conspicuously; t h e m a t r i x of D i s l e s s w e l l s o r t e d and has less o r g a n i c m a t e r i a l (cf . Fig. 8 ) . Bar of 2 cm measures d r y , compacted t h i c k n e s s .
G-H) Figure 6 (facing)
Piece of gypsum c r u s t , calcined and whitened during drying, from lagoon f l o o r n e a r Core 5B.
Crust of mixed gypsum and carbonate, from same sample a s A.
Pale, "fresh" carbonate c r u s t (Type A), from same sample a s A.
Dark, "old" carbonate c r u s t (Type B), from same sample a s A, with intergrown gypsum r o s e t t e .
Darkened carbonate c r u s t (Type B), from same sample a s A.
Thin s e c t i o n of i s o l a t e d gypsum r o s e t t e from same sample a s A, cross-polarized l i g h t . Matrix i s a r a g o n l t e with some Mg-calcite and a t r a c e of dolomite.
Two t h i n s e c t i o n s of p e l o i d a l -s k e l e t a l carbonate c r u s t s from Core 2, Unit A, cross-polarized l i g h t . Crusts c o n s i s t of aragonite, some
Mg-calcite and a t r a c e of dolomite, and a r e cemented by m i c r i t e and microspar, G) P e l o i d s , with ostracodes and mollusc fragments, packed more t i g h t l y than i n many grapestone and c r u s t fragments.
H) Peloids and s k e l e t a l g r a i n s , but more porous and with more conspicuous microspar.
Thin s e c t i o n of a druse-and-microspar cemented p e l o i d a l carbonate c r u s t (Type A) containing o l d e r p e l o i d a l l i t h i c g r a i n s (dark patches) a s c l a s t s , cross-polarized l i g h t . Bright s p o t a g a i n s t convex curve of l a r g e r l i t h i c g r a i n i s q u a r t z . Crust i s of a r a g o n i t e with some Mg-calcite; from Core 6, Unit A.
Thin s e c t i o n of p i s o l i t h of drusy a r a g o n i t e with a t l e a s t 5 generat i o n s of a c i c u l a r druse, enclosed i n porous f r e s h c r u s t of cemented peloids, cross-polarized l i g h t . Crust i s of a r a g o n i t e with some
Mg-calcite and a t r a c e of dolomite; from lagoon f l o o r near Core 5B.
F i g . 6 -Cemented aggregates o f gypsum and carbonate g r a i n s . CARBONATE i s mostly s k e l e t a l and p e l o i d a l . GYPSUM i s s e e d gypsum of sand and s i l t s i z e . Organic m a t e r i a l t y p c i a l l y exceeds quartzplus-clay i n a c i d -r e s i s t a n t RESIDUES. PEAT occurs a s compact masses and a s s c a t t e r e d s h r e d s and b l e b s .
Three sedimentary s t r u c t u r e s are d i s t i n g u i s h e d : SKELETAL--in which g r o s s d e b r i s i s conspicuous; MASSIVE--having a uniform, compact s t r u c t u r e ; LAMINATED--like massive b u t w i t h c o l o r / t e x t u r a l bands such a s gypsum and organic mud.
The t e x t u r a l r a t i o s of t h e p a r t i c l e s , g r a i n s and s k e l e t a l s h a r d s i n t h e beds are given a s MUD 3 SAND-plus-granules. S t r a t i g r a p h i c u n i t s a r e l e t t e r e d from t h e lagoon f l o o r down. Radiocarbon d a t e s r e f e r t o t h e u n i t s between t h e boundaries ind i c a t e d . 
